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The top quark :

a4 « Top is by far the heaviest known
1 03 particle
102 F e A role in electroweak-symmetry
2 10 [ t breaking?
O 40’k b « When we find Higgs, a precision test
@ of the SM
4 10°F ¢ °
Eq'f —
1 —LEP1 and SLD
1 0'2 — d 80.5- -~ LEP2 and Tevatron (prel.) 4
_3 u 68% CL W w<:>\M W
107 e = -
R~ ) 80.4
10° |- - - H
T S
10-11_ Ve _ oo
150 175 200
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1s difficult

» Tops produced
predominantly in pairs

« Decay ~always to W+b

« Topology depends on W
decay (hadronic vs
leptonic)

« Combinatorics ...

« Upto 6 jets ...

« Up to 2 neutrinos ...

displaced
tracks
Secondary
vertex

ex Tagging jets from b quarks reduces combinatorics, cuts
// { away background

prompt tracks
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Jet Energy Scale (JES)

What we actually see in our detector ...
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Jahred Adelman University of Chicago La Thuile Top Mass




Example of backgrounds i

0-tag tagged

WW 63 £10 02 +0.04 « Background estimates for
WZ 1.5 £0.2 0.03 £0.00 CDF template dilepton (top)
22 1.1 £08 0.1 =01 and Lepton+Jets (bottom)
DY 43 +1.3 0.2 0.1 1 1
DYee,up 117 £1.9 0.6 £0.1 analyses (1.9 tb™)
fakes 56 £0.4 1.2 +£0.2 « Most background
Total Background 30.4 £4.1 2.4 +0.4 shapes/kinematics are MC-
tt (6.7 pb) 40.1 £3.1 55.8 +4.2 based, except for fakes/QCD
I-tag | 2-tag . Rate.s are typically a
Wbb 9.1 2.1 combination of data and MC
Wee 5.0 0.4 « Requiring a b-tag
We 3.3 0.1 significantly cuts away
W (mistags) 10.4 0.2 back d
single top 2.0 0.7 ackgroun
diboson 2.4 0.2
QCD 10.4 0.3
Total Background |42.7+12.5(4.2+1.9
it (6.7 pb) 156.7 | 76.6
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DZero dilepton template measurement
DO Preliminary 1fb’
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Top Mass [GeV] Top Mass [GeV]

= 172.5 + 5.8 (stat)

« Neutrino Weighting
Algorithm integrates over
unknown pseudorapidities
of the two neutrinos,
weights solutions by
agreement with missing ET
(MET)

e Use mean and RMS of
weight distributions from
MC as estimators

« Systematics dominated by
JES

+ 3.5 (syst) GeV/c?
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CDF dilepton template measurement

Tagged 2d DIL Signal probability (Mop =170 GeV/c?)

A -log(L)

e Also uses Neutrino Weighting
Algorithm, selects peak (most
probable value) of weight
distribution as first observable
 Second observable is the H
(scalar sum MET, lepton P, jet
P;) in the event

o Again limited by JES
systematic

M, = 171.6 +3.4/-3.2 (stat)

|II|II||||||||J|||||||I|I||I|I|IHI\IIII|

"
[T
=]

Jahred Adelman

+ 3.8 (syst) GeV/c?
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A handle on the Jet Energy Scale

- Dijet mass of
hadronically
decaying W provides
in situ calibration of
JES

1-tag Lepton+Jets

Arb units
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CDF Lepton+Jets template measurement K

2-tag 2d Signal probability (M,,, = 170 GeV/c’)

3 120 I « Form an estimator for the top
S 0.9 .
8 110 quark mass using knowledge of

® 100 | " overconstrained kinematics (one
58 number per event)
e Use dijet mass of hadronically
decaying W as second observable,
to constrain JES

i (GeVIE) » Measure M,,,, while profiling out
—r—————— ——_———73 the largest systematic

5 |

~ B : ===Alog(L)=05 : ]
2 1c S -

a4 L oA log(L) =2.0 -

. —Alog(L)=45 | |

M,,, = 171.8 £ 1.9 (stat)
+ 1.0 (syst) GeV/c?

- : ICQFIRlI‘r‘III Prlelimilrlary I(1 .Ig Tb-?) 1 1 1 I 1 1 1 I 1 1 1 I 1
166 168 170 172 174 176 178
M, (GeV/c’)

Jahred Adelman University of Chicago La Thuile Top Mass



CDF combined template measurement

AJ ES (Gc)

Jahred Adelman

. —Alog(L) =45

[ ! T I T l I I I I I I 1 [ I I I [ I T I | T I I !_
A ? T S . ==Alog(L)=0.5 i
N  —alog)=20 ]

166 168 170 172 174 176 17,
M, (GeV/c

M

top

University of Chicago

« Combine Lepton+Jets
and Dilepton template
measurements in the
same likelihood

» Robust combination

» No assumptions about
correlations for
systematics

e Dileptons make use of
the Lepton+Jets in situ
JES calibration

= 171.9 = 1.7 (stat) = 1.0 (syst) GeV/c?

La Thuile Top Mass
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CDF All-hadronic template measurement

20140 m* templates, 1 tag events (JES = 0.0 o o o
S |+ All-hadronic selection with neural
o= 170 network to increase S:B

Fragtion of Events/|
o =)
(-] -
[ I

sy © Kinematic fitter using knowledge of
overconstrained kinematics: one estimator

for top quark mass
Y A s | e+ Usefitted mass of hadronically decaying
Twoow omo o= e, Wsto get a handle on JES

CDF Run Il Preliminary, (1.9 fb')

0 9r
E,J . -Ln(L/Lma) Contours, 1+2 tags events

| CDF Run Il preliminary |

TN My =177.0

x 3 \ tat

Q . e Multi-jet events (1.02 fb™) 5 i 3 C 7 (S a ) i
: — tt(m=175 GeV/c?) .'. 6

-1 F Ln(UL_)=45(30) 1of # 1 ¢ (SySt)

F—— -Ln(LL__)=2.0(20) T

-2[ — nLL_ )=05 (1) 1& ‘ L m Ge \/ / c2

i >K Fitted Values 0 0.2 04 0.6 0.8

—

3 RN FEEEE FENN ENEE SRR FREE NN S N S

150 155 160 165 170 175 180 185 190 195 200
Mtop (GeV)
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Matrix Element Analyses §

 Try to extract as much information as possible from
every event using theoretical prediction for ttbar
production and decay

e Use all jet-parton combinations, integrate over
unknown parton energies given a measured jet energy

ME for ttbar production Transfer function: probability to observe

and decay \ jetj given parton p /

P(i|M,)=— f do|M ;(p:M )| | |W (2. ) Fonr (@) fopr (@)

objects K
Parton Distribution
Functions for incoming

Normahzatlon
Parton-level phase space partons

Probability to observe x in detector, given a top quark mass

Jahred Adelman University of Chicago La Thuile Top Mass




DZero dilepton ME measurement i

%’ 14— _signal mt=1 75 GeV
:>j ., E@background
- +data

10:— —e

DO Runll Preliminary

1415—
140

-Log(L)

1391
1381
137
136
135
134

1335‘

1325—

DO Runll Preliminary %

1 fb

P BT T R S R
160 170

Jahred Adelman

TR B SR
180

1 I L L 1 1 l 1 1
190 200

m, GeV

 Each lepton-jet pairing given
weight of expectation to find
leptons with measured energy,
PDFs for initial quark energy

« Jet Energy Scale once again
dominates the systematics

M,,, = 175.2 = 6.1 (stat)
+ 3.4 (syst) GeV/c?

University of Chicago La Thuile Top Mass



CDF dilepton ME measurement

20

-In(P)

M

18]
16|
145—
12

10 |
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top
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14

« Revisit event selection via
evolutionary neural networks (20%
improvement in a priori statistical
uncertainty)

« JES dominates systematics

CDF Runll Preliminary (2.0/fb)

.‘g IllllIllllllllllllllllllll“b‘a‘é”"”"
5 B +++ Bkg. Uncert.-
>
L

1

Z— ee
[ EadUT
OZ—-w .
) fakes i
[@Diboson ]

@t

10:—

02 03 04 05 06 0.7 08 09 1
Neural Net Output

= 171.2 = 2.7 (stat) = 2.9 (syst) GeV/c?
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DZero Lepton+Jets ME measurement

Calibrated 2D Likelihood
DO Runll Preliminary

w 1.1
1.08 -
1.06 |
1.04 |
1.02
1]
0.98 —
0.96 -

0.94 |
0.92 ~rrrrrrTE T T
145 150 155 160 165 170 175 180 185 190

M, (GeV)

Calibrated 2D Likelihood
DO Runll Preliminary

‘lﬁ ]
ﬂ1.1__

1.08
1.06 |
1.04
1.02

1
0.98 |
0.96
0.94

T
150 155 160 165 170 175 180 185
M, (GeV)

Jahred Adelman

« Weight permutations by b-tagging
probability, including 0-tag events

« Systematics dominated by signal
modeling, b-JES

« Integrate over P of ttbar system

» Measure and then project out the JES

M,,, = 170.5 = 2.4 (stat)
+ 1.2 (syst) GeV/c?

University of Chicago La Thuile Top Mass
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CDF Lepton+Jets ME measurement

CDF Run 2 Preliminary 1.9/b

Number of events « Weight permutations by b-tagging
probability, use only tagged events
* Project out JES
» Subtract off average background
likelihood, weighting by expected
background fraction

: « Make peak likelihood cut to remove
" 7 Lgamendaeasen - poorly modeled events

Signal (172) + background MC = Data events

B Background MC (signal+background)
- CDF Run 2 Preliminary 1.9 fb" ° MOdify propagators iIl matI‘iX
L i —AnD=-05 element to account for incorrect

- —A(nL)=-20
- —A(nL)=-45
1.02—

assumptions in integration

0.99-

M,,, = 172.7 + 1.8 (stat)
T I R + 1.2 (syst) GeV/c?
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Example of systematics i

Systematic LJ [DIL |Combination S . G )
— = TAIG G e Systematics (in GeV/c?)
Residual JES  [0.5] 3.5 0.5 from CDF Lepton+Jets and
ISR 0.3 0.4 0.4 Dilepton template
FSR 0.210.0 0.2 measurements
PDFs 0.3 0.5 0.3 o
Generator 0.2] 0.8 0.2 e In the process of revisiting
LJ bkgd shape (0.2]0.0 0.2 all of these numbers
DIL bkgd shape [0.0] 0.4 0.1 . .
MC statistics 0.1 0.2 0.1 .Tr.ylng FO un.derstand
lepton energy scale|0.1] 0.4 0.1 similarities, differences
pileup 0.1{0.1 0.1 between CDF and DZero
gg fraction 0.0]1 0.2 0.0 procedures
Combined 1.0 3.8 1.0

Jahred Adelman University of Chicago La Thuile Top Mass



DZero Mtop from Lepton+Jets XSection i

D@ Preliminary, 0.9 fb™

g — Tt « Pair production cross section depends on
N NLOKdorat et top mass
0 N « Measurement of mass using xsection
N I e i makes very different assumptions than
IR NG other analyses

IR EIE § ——  Require b-tag, at least 3 jets
SN « Needs input from theory!

...|I.E|é.ll...Ii..i..ll...l..l.l.l
160 165 170 175 180 185
Top Mass (GeV)

1y DO Preliminary, 0.9 " M,,, = 166.9 +5.9/-5.2 (stat+syst)

--------- Total uncertainty

- +3.7/-3.8 (theory) GeV/c?

Theoretical uncertainty

theory: Kidomakis and Vogt

M,,, = 166.1 +6.1/-5.3 (stat+syst)
+4.9/-6.7 (theory) GeV/c?
L3V | theory: Cacciari et al.

Jahred Adelman
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DZero Mtop from Dilepton XSection Y

DG Preliminary, 1.05 fb™

R a—— ot » Dilepton branching fraction smaller ->
eyt larger uncertainty on top mass
--------- Theoretical uncertainty
100 N\

Tl

...........
....................

..............J......-..J-.-..-.. BRRhbt SLTI N
- .

......

i
||||||||||||||||||||||||||||||

< 160 165 170 175 180 185
Top Mass (GeV)

C— PJ"‘”‘“"’"’ M,,, = 174.5 +10.5/-8.2 (stat+syst)

[ P +3.7/-3.7 (theory) GeV/c* theory:
NN Kidomakis and Vogt
8\ .....................

SIS M,,, = 174.1+9.8 /-8.4 (stat+syst)
""" | +4.2/-6.0 (theory) GeV/c? theory:
et Cacciari et al.

Top Mass (GeV)

Jahred Adelman

University of Chicago
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CDF Dilepton Pt ¥

P, distribution (GeV/c) p
o5 — CDF RUN Il preliminary 1.8fb
§ - e 250 epion) S  Lepton from W decays
%20:_ —— Signal+Background ’ :: get larger bOOSt With
s | o increasing top mass
- 15 [ = Background
- « Measurement very
o b statistical limited, but
i M,,, = 156.2 *2'* (stat.) GeV/c® good practice for LHC
51 « Systematics largely
- | y m . uncorrelated to JES
% "0 100 150 200 250 300
P; (GeV/c)

M,,, = 156 = 20 (stat) = 4.6 (syst) GeV/c?
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Tevatron Combination

Tevatron Results (*Preliminary)
DO-I dilept
-1 dilepion
Lo 12800 o 168.4+12.3+ 3.6
CDF-I dilepton
(L= 11076 167.4+10.3+ 4.9
'DO-I1 dilept -
- lepion
(121050 26 1725+ 5.8+ 5.6
CDF-II dilepton
' 164.5+ 3.9+ 3.9
(L=1030pb )
CDF-| lepton+et
(L=-1:5ppzr']')ﬂe ® 176.1£ 5.1+ 5.3
DO-I lept jet
-1 lepton+jets
(L= 125;;5!) 18%1 +3.6+39
CDF-IIIW ' 1839+15'7 +5.6
(L=695pb ) Jx 3g 0.
‘CDF-II | pt jet
-ll lepion+jels " -
‘027:40:")‘ i 1709+ 1.6+ 2.0
-l lepton+je
.C{;TO:[_": 1705+ 1.8+ 2.0
-l all-jets
{L=943p:) ) 17141' 28+ 3.2
CDF-I all-jet
L 11005" 186.0+10.0 5.7
“Tevatron March’07
(CDF+DO Run I+1l) 1709+ 1@ 1)’—2 lyg))
v2/dof = 9.2/10
I 1 | | ' ]

150 160 170 180 190
Top Quark Mass (GeV/c)
Jahred Adelman

200

Comparison of M, in Different Final States
(Tevatron Preliminary, March 2007)

—_— Dilepton - All-Jets
87+56 ¥ =3.2(7%)
. Lepton+Jets - All-Jets
1.0+4.1 x2=0.1(75%)
—_— Lepton+Jets - Dilepton
7.7+43 X2 =24 (12%)

! \ x L
10 29 30
IAM, | (GeV/c?)

21

« Combination last
done 1 year ago

» Good agreement
between different
channels and across
measurements!

T T T T |
—LEP1 and SLD
80.5{ —LEP2 and Tevatron (prel.)

Mtop = 170.9
+ 1.1 (stat)
+ 1.5 (syst)

68% CL

S
[b]

O, 80.4-
=
=

80.3-

150 175 200
M, [GeV]
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